Accumulating evidence has suggested the effects of a higher dietary fiber intake on weight loss and reduced inflammation. In line with this, recent observations presented higher consumption of dietary fiber in relation to the lower risks of symptomatic knee osteoarthritis and worsening knee pain. Because both obesity and inflammation are commonly linked with knee osteoarthritis and rheumatoid arthritis, and preliminary results have suggested a role of microbiome in both joint disorders, we hypothesized that increased dietary fiber intakes might confer benefits in reducing the risk of rheumatoid arthritis and/or delaying disease progression. In this commentary, we sought to provide rationales regarding fiber's physiological characteristics and its influence in the gut microbiome to postulate a potential link between fiber intake and the risk of rheumatoid arthritis. Verification of these hypotheses requires data from observational and experimental studies.
Dietary fibers are carbohydrates that are non-digestible or non-absorbable in the small intestine but are partially or fully fermented in the colon. These physiological characteristics are in part responsible for the health benefits of dietary fiber. Observational studies have shown that fiber intakes are related to lowered risks of cardiovascular diseases, type-2 diabetes, and all-cause mortality [1, 2] . Such beneficial effects of fiber in cardiometabolic health are thought in part due to fiber's effects on body weight regulation, lowered inflammation and serum lipids, and glycemic control [1] . Recent evidence on the desirable impacts of fiber on these metabolic factors has further extended to fiber's bifidogenic property in gut health [3] .
Obesity is one strong risk factor for knee osteoarthritis (OA) and has been considered as a major target for the prevention of OA. It is hypothesized that obesity not only increases loadings of the joint but also augments serum and tissue levels of pro-inflammatory cytokines and adipokines [4] , which accelerate disease development and induce joint pain [5] . This is supported by accumulating evidence which suggests that inflammation both systemically and locally plays an important role in the pathogenesis of OA and pain in the knees. Based on these hypotheses, we observed a potential protective association between a high dietary intake of fiber and lower risks of severe knee pain patterns [6] and incident symptomatic knee OA [7] . In the latter study, we found a significantly lower risk of incident symptomatic knee OA in individuals who consumed the most dietary fiber (at 75th percentile and above) as compared with those who consumed the least fiber (at 25th percentile and below) in a population-based cohort and a cohort of persons at risk or with knee OA [7] . This observation suggests a potentially independent role of dietary fiber in lowering the risk of symptomatic knee OA after adjustment for potential confounders including dietary quality. The observed associations between a high fiber intake and a lower risk of symptomatic knee OA, as we speculate, are in part due to the weight-control effect of dietary fiber and fiber's prebiotic function, both of which might further reduce inflammation. Although dietary fiber is associated with lower body weight, weight loss associated with a higher fiber intake is usually modest [8, 9] and may not be detectable regarding the improvement of OA symptoms.
Rheumatoid arthritis (RA) is an inflammatory autoimmune arthritis, where abnormal activation of B cells, T cells, and innate immune effectors occurs and leads to the development of both acute and chronic inflammatory proliferation of the synovial linings [10] . Symptoms of RA include aggressive cartilage destruction and progressive bony erosions accompanying with flare, swelling and high levels of pain [10] . Risk factors for RA include being female, older age and a complex set of genetic predisposition and environmental factors. However, genetic heritability only accounts for 60% of the disease development; therefore, it does not account for RA sufficiently [11] . Additionally, heavy body weight might have an adverse effect in RA, where increased occurrence, reduced chance of remission, and lowered responses to treatments have been reported in obesity-induced RA [11] . Mechanistically, it is thought that macrophage infiltration activates abnormal B cells and T cells in the adipose tissue, which in turn promotes immune responses and increases pro-inflammatory markers in such obesity-induced inflammation [12] . Recent research paradigm has shifted with increasing interests in the role of gut flora in human health including joint disorders [13] . One hypothesis has been proposed that increased permeability of the gut wall lumen may lead to an exposure of the immune system to microorganisms, resulting in a local inflammatory process within the joints: It is possible that the imbalance of microbiota modifies the local mucosal immune responses through innate signaling pathways to trigger local joint inflammatory processes. Supporting this theory, evidence from animal models has suggested that injection or feeding microbes affects the inflammatory joints [14] . In humans, Prevotella copri, an intestinal microbe, has been found to induce antibody responses in both new onset and chronic RA patients [15] . In another study, patients with RA had over-represented pathogenic Lactobacillus salivarius as compared with the healthy controls [16] . Further, patients with chronic inflammatory bowel disease also have been found to have recurrent episodes of peripheral arthritis [17] .
Because diet plays an essential role in shaping the composition of microbiota, dietary interventions have the potential to target certain microbes to play an adjunctive role in the prevention and treatment of RA. In light with our recent findings in dietary fiber with lowering the risk of symptomatic knee OA, two potential mechanisms are postulated: On one hand, the weight loss effect of fiber is in part due to satiation and satiety from the low energy value of high fiber consumption. This is because for some fibers, they are metabolically inert and provide a bulking effect to increase satiety to control weight gain, which may further reduce obesity-related systemic inflammation. On the other hand, the prebiotic function of fiber is fermented by the gut microbes, which in turn further stimulate the growth of bifidobacteria and produce healthful metabolites such as short-chain fatty acids. As a result, these processes improve immune responses, inhibit pathogenesis and reduce inflammation systemically and locally [3] . Mounting evidence has been suggested that increased fiber intakes are correlated with the growth of gut bifidobacteria and lactic acid bacteria [18] , which contribute to the regulation of the epithelial cells to maintain immune homeostasis. Connecting obesity, inflammation and immune responses with RA, we postulate that increased intakes of dietary fiber may have a potential to confer benefits in reducing the risk of RA and/or delaying disease progression as an adjunctive therapeutic treatment option for RA.
As RA can occur at different age groups and has a high heritability compared with OA, we raised a further research question whether dietary fiber may reduce the risk of RA depend on age groups or serostatus. Although fiber can be found in many plant-based foods and has been shown to have health benefits in obesity and cardiometabolic health, the average intake of dietary fiber is far below the recommended level. As a result, the general public may not have achieved to the optimal health benefits through fiber intakes. Such dietary variance provides an opportunity in observational studies to assess the etiologic association with incidence and progression of RA. If the preliminary results are promising, data in experimental settings in animal models and human subjects can further assess causal effects and the underlying mechanisms to provide insights into the link between fiber intakes and rheumatoid arthritis.
